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HELiAEHirr RESEARCH ASTD CCISNG CIRCUIIEI 

ABSTRACT 

This report summarises the work performed under the "Relia- 
bility Research11 and "Coding Circuitry" items of the contract 
during the period from May 16, 1$$3 through August 1$, 1953. 
These it-ess are primarily concerned with iimaroving the relia- 
bility of a specific future IFF 

Progress made in the implementation of a mock-up of the 
transmission links of the IFF system is described.   This Includes 
discussions of a pulse-train correlator, an optimum i-f filter, 
and other associated apparatus.    Consideration is giver* to 
problems associated with the use of pulse-train correlators at 
the airplane*   Quantitative results are given on the beginning 
of a series of analyses being made to study the performance of 
pulse-train correlation systems in the presence of Gaussian 
noise.   Treatment is given to further speculations on the use 
of noise for the challenge and reply signals*   The use of mar- 
ginal-checking procedures in the evaluation of the reliability 
of a transistorised flip-flop circuit, and new developments in 
the supporting transistor-testing program are discussed. 
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a*  Personnel and Administration 

1* Martin W. Esslgmann, Coordinator (two-fifths time Item II, one-fifth 
time Item III, engineer) 

2* Sze-Hou Chang (half time Item II, engineer) 
3. George E. Pihl (one-fifth time Item II, one-tenth time Item III, 

engineer, uo uuae XJL$  iy>3) 
U. John S. Rochefort, liaison man (full time Item II, engineer, from 

May 16, 1$53) 
5* Harold L* Stubbs (half time Item II, mathematician) 
6* Walter H. Lob (full time Item II, physicist) 
7* Thomas P* Cheatham, Jr. (one-fourth time Item II, engineer) 
8* Louis J« Bardone (full time Item III, engineer) 
9* Myron L« Bovaraixik (one»fourth time Item H, engineer, to June 1, 1953) 

10* Jacob Wiren (half time Item II, engineer) 
11* Anthony Briana (full time Item II, engineer) 
12* John J» Klein (half time Item III, engineer, from June 15, 1#53 through 

July 17, 1953* and from August 3, 1953) 
13* Thomas J. White (full time Item II, cooperative student assistant, 

through June 19, 1953$ full time Item II, engineer, from June 22, 1953) 
Ik. Walter F. Goddard (two-fifths time Item II, one-fifth time Item III, 

technician) 
15* Mary D. Reynolds (two-fifths time Item II, one-fifth time Item III, 

secretary) 
16* Lawrence J« O'Connor (full time Item II, cooperative student assistant, 

through July 31* 1953$ part-time student assistant Item III from 
August 10, 1953) 

17* Charles u. Knowles (part-time student assistant Item III through 
July 17, 1953$ full time Item III, cooperative student assistant, from 
July 20, 1953) 

IS* Robert H. Lawson (part-time student assistant Item III through July 17, 
19531 full time Item II, cooperative student assistant, from Auguart 3, 
1953) 

George E. Pihl resigned from his position as an Associate Professor of 
Electrical Engineering at the University, effective June 12, 1953, to undertake 
employment in industry. He had served continuously on a half-time basis with 
the research group assigned to work under this contract since its beginning* 

Thomas J. White, a cooperative student assistant on work under this contract 
until his graduation in June, was appointed a Research Assistant effective as of 
June 22, 1$55. 

Ksrtin W- Eaeigmann was promoted from Associate Professor of Electrical 
Engineering to Professor of Research in Cosnuuiisaticns, effective July 1, 1953* 

Walter Kt Lob was promoted from Research Associate to Assistant Professor 
of Research in Communications, effective July 1, 1953* 
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b*     CoKwmlcatiagg 

1, Correspondence 

Listings of all nex>-expendable property received for use under this contract 
have been sent to the Research Accountable Property Officer under the dates of 
May 30, 1953, June 30, 1953 and July 31, 1S53. A consolidated listing of all 

taken* 

2. Conferences 

June 2, 1953* Visit received from R. W. Wagner, the project engineer for 
Item III, of AFCRC* Work under Item III as reported in Quarterly Progress 
Report No* 6 was discussed. 

June 10, 1953* Conference at Northeastern University among R. Wagner, 
0. Ryan, and R. Bradbury of AFCRC, and the staff at Northeastern concerned with 
work under Item III, The purpose of this conference was to discuss proposed 
work directed toward (1) the evaluation and expansion in scope of the present 
transistor-testing procedures, and (2) the quantitative determination of the 
reliability of a transistorised storage cell of a different type than that pre- 
viously studied* 

• 

June 2$, l°f>3« Conference at Northeastern University among £• Samson, C. Hobbs, 
and W. Bishop of AFCRC, and the staff at Northeastern concerned with work under 
Item II, The purpose of this conference was to inform the Northeastern staff of 
new operational specifications for the IFF coding procedure, and to discuss the work 
reported in Quarterly Progress Report No* 6* Special consideration was given to the 
new approach to the ground-to-air jamming problem as described in that report* 

June 26, 1?£3« Visit received from B, Bodenheimer, 2nd Lt* USA? of the 
USAF Auditor General's Office* Lt* Bodenheimer made a spot check of the account- 
able property at Northeastern, and reviewed the system of property control main- 
tained at Northeastern* 

July 28, 1953. T* P. Cheatham, Jr* and S, H. Chang attended an informal 
conference at AFCRC among persons interested in IFF and related problems* 
Problems of mutual interest were discussed, with Dr. Cheatham taking an active 
part in the discussion* 

. * A _a August XU, i.y>J. «U «»• &JjBin ana o* a. JUHWJAS vxBit.ea n, Draauury at AFCRC 
to eoEpar© certain aspects of the transistor-testing programs at Northeastern and 
AFCRC* 

o*      Statement cf the Problem 

Item II of the contract is concerned with research directed toward the speci- 
fication cf a higiVreliability system for use in the ground-to-air and air-to-ground 
Hr>k« of a specified IFF system*   This system is one in which the challenge as 
generated by the interrogator is an n-digit binary number, and an encoder at the 
airborne transponder provides an r-digit reply.   The reply, on reception at the 
responsor on the ground, is compared with a locally encoded version to determine 
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whether or not It is correct, 

The block diagram below shows the essential features of the IFF system for 
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GENERATOR 

J 
PULSE-TRAIN 
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'I 
  

ENCODER 

COMPARATOR 

PULSE-TRAIN 
«(  
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tlNiuvu en 

Y 
DECISION 

which methods of improving transmission reliability are being studied. The two 
transmission links in the system differ in that the correct reply is available at 
the terminal of the air-to-ground link, whereas a priori knowledge of the 
e-fa&Henge is not available at the transponder. Atmospherics, enemy noise and 
pulse jaastijag, and eneny attempts at interrogation are being considered as fac- 
tors which need to be conbatted in obtaining high transmission reliability* The 
IFF system is assumed to be secure against an enemy who can only listen) hence, 
the aspect of cryptographic security introduced by the presence of two encoders 
in the system is not part of the present problem* 

Item III on coding circuitry involves in general the design* construction, 
testing, and evaluation of reliable circuits for use in the final IFF system* 
The circuit being studied at present is a transistorized bistable device of 
particular design for use in the shift register involved in the encoder unit of 
the system* A supporting unit of work under this Item is a transistor-testing 
program* 

Methods of Attack 

System Reliability 

The work in progress under the Item II phase of the contract ccmss under 
the classification of system reliability* This term refers to the performance 
of the system under the condition that all equipment operates perfectly* Pri- 
mary attention is being given to the use of pulses as the signal in the two 
transmission links} however, for the sake of completeness some consideration 
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is being given to other forms of signal such as noise* 

General Considerations 

The air-to-ground link of tine specified system is inherently capable of being 
made more reliable than the ground-to-air link, since a priori knowledge of the 
correct reply is available.   This fact makes possible like use of cross-correlation 
tecnnique* in Vim i»u«^llw»i if the ceded reply s   Wra» 1 of the Ascendix share a 
block diagram of a test setup which can be considered to be a mock-up of this 
transmission link*   all of the circuit work of this period has been devoted to the 
construction of equipment shown by the blocks of this diagram. 

The section to the right of the adder represents the responsor receiver sec- 
tion.   It includes an optimum filter designed to optimize the pulse amplitude in 
the presence of noise jamming, and a pulse-train correlator designed to select 
the correct pulse train in the presence of pulse jamming*   The section to the 
left of the adder simulates the transmission link.   Provision is made for the 
generation of coded r-f pulse trains (signal-generator branch), and the simu- 
lation of pulse jamming and two types of noise jamming. 

From the standpoint of error detection and threshold setting for correlation 
detection, it is desirable that the total transmitted energy be constant from 
one challenge, or reply, to the next.   This could be accomplished by a variety of 
means, such sat (1) letting the pulse used to represent a digit have two possible 
positions - one position to represent a one and the other to represent a seroj 
(2) shifting the phase of the carrier by 180 degrees to differentiate between a 
one and a zero) (3) using a two-frequency FM system - thus the discriminator 
output would represent a one by * 1 and a zero by - lj or (U) transmitting ones 
and zeros and restricting the pulse trains used in the n-digit system to those 
which contain the same number of ones.   Consequently, although no particular 
scheme has yet been settled upon for maintaining constant energy from one pulse 
train to the next, the final system will employ some scheme to accomplish this 
purpose.   Method (U) will be employed in the mock-up system merely because it 
can easily be accomplished with existing equipment. 

With one exception, the mock-up system could be used to represent the ground- 
to-air link.    In this case, however, the existing pulse-train correlator could 
not be used since £ priori knowledge of the challenge would not be available* 
Consequently, unless a completely directional communication system were cinployed 
(this scheme has been discussed in past reports and is considered unfeasible at 
the present time because of the antenna development problem) the best that could 
be hoped for would be the improrrement In the presence of noise jamming obtain- 
able with the optimum filter.    The ground-to-air link would be completely 
vulnerable to a type of pulse-jamming which resembled, a correct challenge* 

In the event cf pulse jamming of this type (as was pointed out in the pre- 
vious report), the best policy would be to turn off the ground-station interro- 
gator and allow the jamming signal to serve as the challenge. Thus the process 
of identification would be accomplished at the ground station by merely compar- 
ing its coded version of the enemy signal with the reply transmitted by the 
airplane undergoing identification. 

This identification process could be accomplished with presently contem- 
plated equipment if a single airplane and a single jammer were located on the 
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same azimuth. If a larger number of planes were present, the ground equipment 
would become complicated to the extent that a separate antenna would be required 
to receive the jamming "challenge" from a jammer that was not located on the 
same azimuth as the plane undergoing identification, memory units would be 
required in order to store the respective replies from a number of planes lo- 
cated along the same azimuth until the "challenge" arrived, a computer would be 
required to calculate range data in order to identify the replies from a number 
of pl«uje,c», «uau « jamming aua-symr mi%a% very well De needed in order to deter- 
mine when to use "enemy challenge" and how to use it most effectively* Con- 
sequently, although the utilisation of the "enemy challenge" would go a long 
way toward making the IFF system invulnerable to enemy jamming, the required 
ground-station equipment could very well become formidable. 

Recognizing the low reliability obtainable in the ground-to-air trans- 
mission link in the presence of jamming, theoretical effort during this report 
period has been given to improving the performance of this transmission path« 
The deeper realisation that the optimum filter in the North sense for the 
detection of pulse trains in noise is a pulse-train correlator has resulted 
in considerable attention being given to the theoretical aspects of correlation* 
This study has resulted in a potential system which makes use of correlation 
techniques is the airplane, and employs a correlator with a simple threshold 
device. 

Preliminary results of the correlator study are covered in a subsequent 
section entitled, "analyses of the Performance of hypothetical Pulse-Train 
Correlation Systems in the Presence of Gaussian Noise". In the beginning it 
has been necessary to somewhat idealize the operation of the correlator and 
make certain approximations and assumptions which may prove to be impractical 
in the final model* Therefore, it will probably be necessary to refine the 
calculations and supplement them by experiments in order to check their appli- 
cability to the new system introduced below* 

The first and second progress reports of this series gave attention to 
the problem of optimum detection of the signals received at the airplane* It 
was tacitly assumed that cross-correlation would provide the optimum means of 
detection* and this would require storage of the correct challenge at the 
airplane* Calculations were made to show that punched tape could provide a 
practical solution to the mechanisation of such a scheme* The scheme was not 
pursued further due to the operational difficulties entailed in the distribu- 
tion and control of the tapes* It is expected that equivalent transmission 
reliability will be obtained, however, if all possible challenges are stored 
at the airplane,, the transmitted challenge is repeated a number of times, and 
each challenge upon arrival at the airplane is cross-correlated against all 
stored challenges - the stored challenge showing Maximum con-elation over a 
number of tries being chosen as the one that was transmitted* In subsequent 
sections of this report, consideration is given to such a system in which 
the pulse-train challenge is stored by means of weighting networks attached 
to the taps on a delay line. Since the challenge has n digits, 211 weighting 
networks and decision devices are required if maximum reliability is to be 
obtained* In this treatment, attention is first given to a suggested practi- 
cal system, and a qualitative operational analysis is included to indicate its 
expected performance in the presence of various types of interference. A 
supporting analysis attempts to show quantitatively the degree of reliability 
improvement that may be expected from such a scheme in the presence of 
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Gaussian-noise interference. In this analysis, again, the system has been 
idealised to what is probably an impractical extent in order to permit the 
evaluation to be made. 

All of the schemes referred to in the above, and discussed in detail In 
later sections, wake use of integration over successive repetitions of the 
same ^hnllwnpe  in  orrter to  r*vfr.»/*r<  1 mmrowMBMTt  In reli.sbiii.l7V.     The  miraerir»«T 
analyses have been made on systems wherein this integration has been performed 
on a digital basis - i*e* by the method commonly called binary integration* 
It has been shown by Harrington   that while this method is slightly poorer in 
principle than the analogue method, the non-ideal characteristics (such as 
finite memory) of the analogue integrator make the two about equivalent in 
the final analysis.    An important advantage gained by the use of binary inte- 
gration stems from its allowing the use of pulse circuitry instead of the lass 
stable linear circuitry demanded by the analogue method*    The types of oircuits 
required are those for which reliable transistorised versions are either 
presently available, or seem possible. 

For the sake of completeness and in order to ensure that no alternate 
system is being overlooked, some time has been devoted to the use of noise as 
the transmission signal*   Recent progress is discussed in a subsequent sec- 
tion* 

Mock-up %stem 

During this report period, work on the mock-up system has been mainly 
devoted to construction and testing of some of the units indicated in Fig* 1* 
Due to the nature of the work, progress will be briefly mentioned here and 
elaborated on in more detail under e* Apparatus and Equipment* 

testing of the pulse modulator described in the previous report showed 
it to be inadequate for use from the standpoint of carrier feed-through*   Con- 
sequently the modulator was redesigned along the ringing-circuit principle 
and was tested entirely satisfactory.    Two such units have been constructed - 
one for use as a signal-pulse modulator, and the other for use as a Jamming- 
pulse modulator* 

The jamming-pulse generator was originally designed so that periodic 
pulses would be obtained from its output*   A new pulse generator under develop- 
ment at the present time will provide Jamming pulses which are randomly spaced 
in t.jjBg- 

A prototype optimum filter for use in the i-f band has been constructed* 
The filter is matched for uss with, a oarrier pulse 0*6 \m in duration and a 
frequency of about 30 mo.    At tbe present time the filter is working qualita- 
tively but not quantitatively.   Further work on the unit awaits the construc- 
tion of a probe for use in the 30-mc band. 

During this report period the overall operation of the laboratory model 
of the puls©»train correlator has been iaproved by redesign of the switching 
circuitry to remove certain undesirable loading effects.    The device also has 
been simplified and made more reliable by a redesign of the d-c amplifier 
section.    These changes are described in greater detail under e. Apparatus and 
Equipment* 
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The Repeated-Challenge SBJSB 

Outline of the System*   It is generally recognised that In the absence of 
msm «4ypl«»»*i tfto ground-to-air link ©f an IFF system la mare vulner— 

this weakness of the grotsad-to-slr iinJc by transmitting the sane n-cagit. 
challenge repeatedly (perhaps fifty times) and with random timing before a 
reply is elicited*   The challenges are received In the airplane, detected, and 
fed to a delay line with n taps, feeding n phase inverters.    2° Mding-busi 
STB connected to the taps (directly and via the pha-*-inverters) in such a 
way that each adding-bus corresponds to one of the 2a possible different 
challenges.    (She sketch shows this for n • 2) 

INPUT LEGEND 

P I    PHASE  INVERTER 

T    THRESHOLD 

*~^ 

> 

TO 
CRYPTO- 
GRAPHIC 
UNIT 

thorn  outputs of addi£g-busses which exceed a certain value (first threshold) 
are time-integrated over the interval between synchronising (perhaps radar) 
pulses, whose spaoings are randomised within certain limits* Upon reception of 
a synchronising pulse, those integrators whose voltages exceed a (second) thresh- 
old value cause the cryptographic unit to produce the corresponding replies, 
which are then transmitted in turn in rapid succession (interlaced?). At the 
same tins the integrators are cleared, and a time-gate prevents any further syn- 
chronising pulses from affecting the unit for a length of tine equal to the 
minimum interval between synchronizing pulses* The first threshold may be set 
such that at maximum range a challenge will almost certainly cause its adding- 
bus voltage to exceed the threshold. The second threshold is set so that under 

SECRET 



' 

SECRET 

-9- 

the &am transmission conditions a string of identical challenges will 
the proper integrator voltage to exceed the threshold* 

Philosophy 

In this section the repeated-challenge system will be considered in great— 
er detail, and reasons for its various features will he (riven- Tt. i«  »«i«mv- 
seen tnat tne additions in the adding-busses and the time integrations in the 
integrators will result in very good cancellation of random noise and random 
pulse jamming, so that the attention in this section is focused on the oper- 
ation of the system in the presence of planned enemy interference. 

In accordance with the design of the pulse-train correlator , the spacings 
of the pulses of each challenge will be staggered according to a fixed scheme 
to avoid multiple coincidences of pulses and taps prior to and subsequent to 
the instant of exact superposition* 

The spacing between successive challenges is to be randomised within limits, 
in order that periodic pulse jansaing cannot be alloyed to jam the same digit 
in each challenge* It is realized, on the other hand, that a jammer might 
achieve this result by sending out a jam pulse as soon as he receives the first 
pulse of a challenge* It is necessary, however, for this jam pulse to arrive 
at the target plane while the same challenge is still being received* that the 
difference in transmission times from the ground station to the target plane 
(1) via the jammer, and (2) directly, must be less than the duration of the 
challenge* For a challenge of reasonable size this method of jamming would 
therefore be effective only for a limited region and with the jammer located 
such as to be quite vulnerable to elimination* 

The number of digits per challenge (n) is expected not to exceed six* It 
is felt that, with proper miniaturization, sixty-four adding-busses and associ- 
ated circuits can be accommodated in the airborne unit. If, for reasons of 
cryptographic security, longer challenges are deemed necessary, a way could 
presumably be found to break the challenges up into four- to six-digit groups 
and to treat each group individually; thus making the size of the equipssixt 
increase linearly with the nuraber of digits instead of exponentially* 

The first threshold has the purpose of keeping the integrstsrs xrcm 
responding to anything but a correctly lined-up challenge* In the absence of 
such a threshold, each incoming pulse would yield a certain contribution to 
an integrator, and different challenges with the same nusber ~f pulsea would 
not be differentiated between* 

In the absence of enei?^ interrogation (and if only one ground station is 
received by the plane) only one integrator voltage will increase to more than 
the second threshold* In this case, then, only one reply will be triggered off 
by the arrival of the synchronizing pulse, and accurate range information can be 
obtained at the ground station from the round-trip transmission tififc.> An easier 
who atteimybs to upset the system by barrage interrogation will find that, to 
exceed the second threshold, each interrogation will have to be gent a great 
nuHker (perhaps $0)  of times within one synchronizing period* There will then 

See Quarterly Progress Report No* 2* 
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not be tine enough within that period to send many (say acre than $)  different 
interrogations, each that many tines. The transponder then will reply to 
these enemy interrogations and to the friendly challenge, one after the other. 
Since, aaong others, it has produced the correct reply, the airplane will still 
be regarded as a friend (especially after several rounds). Since, however, the 
reply to the friendly challenge %3 not necessarily the first one to be sent 
upon arrival of the srvnchroni si r«? pn!s«; «f>»*«#K«± H iff «;«»««*. r~~d-trip tisss 
will result for successive rounds, in other words, the accuracy of the obtain- 
able range information is reduced by enemy interrogation* 

In the event the enemy duplicates the synchronising pulse the transponder 
will be triggered by the enemy's pulse at least sons of the time. Due to the 
tine-gate in the synchronlzing-pulse receiver, the replies will not be sent at 
an excessive rate, so that enough time still is available for the friendly 
challenges to integrate and exceed the second threshold. Due to the random 
timing of the friendly synchronizing pulses, no consistent range information 
will be obtained from the replies due to the eneay's synchronizing pulse* The 
replies due to the friendly synchronizing pulses can therefore be recognized 
by the relative constancy of the round-trip tins* 

A liaiter at the input to the delay line can be provided to prevent strong 
individual pulses (at close range from the ground station, or due to powerful 
jamming) from exceeding the first thresholds 

Analyses of the Performance of Hypothetical Pulse-Train Correlation Systems 
in the Presence of Gaussian Noise 

System for application at the ground. Consider the block diagram of Fig. 2. 
It is assumed that the input to the correlator is connected to the output of the 
i«f amplifier of the IFF responsor and that the signal being received is immersed 
in Gaussian noise and consists of a train of pulses properly coded to correspond 
to the switch positions of the correlator. In this system a sinusoidal carrier 
is shifted 180 degrees to differentiate between the ones and zeros of the binary 
code. The bandwidth of the i-f amplifier is assumed to provide an appropriate 
match to the pulse width of a code symbol, i.e. the signal is assumed to reach 
its peak amplitude during the time of the pulse. The pulse recurrence period 
is sufficiently long for the given i-f bandwidth that independent samples of 
noise ess. be assumed during adjacent pulae periods, and the digit and space 
lengths are equal. 

For a oasa covered by the above assumptions, Rice has sbotm that the 
envelope distribution density of the output voltage of the i-f aBpllfier can 
be given by 

p(R) - i   exp[- SLt£L] IofSH) (1) 

where R • envelope amplitude 

P - peak value of the sinusoidal signal 

Xj^o " noise power at the output of the amplifier. 
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value of the modified Bessel function of the first 
kind and order «ero for argument —* 

fo 

Assmsing »js ideal correlator for an »=plase oude, iue exrrexope prooajbinty 
sity of the adding-bus voltage 7£ can be written as 

*<*> - ayb   eap ["     2ny0   
] * VrV (2) 

and the corresponding probability distribution P(R) is p(R)dR,   A more conven- 
ient form for future use is obtained if the following normalised paraneters 
ar& introduced? 

R Vn P r- v • '-umjjr a »   'mm.    •   Vn p where p is the input 
VnYo V ro signal-to-noise ratio. 

JLlWBf  p\n/ _ .-    v3  * aa 

dR - v dv eap[- '    I * 3 IQUV) 4 (3) 

The blocking oscillator produces one pulse when the voltage 7^ exceeds the 
threshold voltage ¥»«   It is assumed that the specifications on the system are 
such that this >an happen only once during a digit, or during the space oetween 
eugiJMa 

The probability of the blocking oscillator producing a pulse due to 
signal and noise during the signal period is 

?S *   /POO* •   /• dr exp[- Z? * <*] !<,(**) (U) 

where V • 7T 

nya 

and due to noise alone during the space period, 

2 
_a 9 

P{j -   /v dvexp[-I-] - £ . (5) 
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Equation (5>) has been obtained from (li) by noting that when the signal is sero, 
a * 0. 

Optimum reliability, in one sense, is obtained if the threshold voltage 
is adjusted to a value that minimises the probability of error* For this 
system, errors are produced when the signal amplitude is interfered with by 
the noise so that the threshold is not reached (called a "miss*). «mri whww 
LI- ^Lv J,UAXU& yiMsi Bpauv pexxoos is sufficient to exceed the threshold 
(called a "false alarm")e Letting the probability of a miss be represented 
by P|j, and noting that the false-alarm probability is the P^j previously 

defined, then the problem becomes one of determining the value of Vj that 

makes (Pg + P^} a minimum, 

1* 
Harrington has shown that equations (k)  and (5) can be combined to 

eliminate v and yield 

Pg - 1 - £     / Io(a V- 2 log p)dp0 (6) 

using a series expansion for I0, it can be shown that 

P„ - 1 - £     2     I   i   A    I£) o n»0 nl     n V2 / 

mm 

where Xn - [1 - £   jL   ?„(- log F^*} (7) 

2 
N 

Note that 

PM - 1 - PS 

Much of the following is based upon background obtained in studying this 
reference. 
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00 that 2FQ, the probability of error, is 

2P, - 1 - PS • *»« (•> 

. -—I_L-wvl   i»Iu. ooiiwlti   yu^Mge/ Fif»tr¥»   "*  ahnsm ^TA+5  ?f ?     and P^ TS T   (t 
for a •• 1 and a » 2. Figure U shows curves of 2Pe vs. V obtained by using 

eq. 6 and the data plotted in Fig. 3. For a 16-digit correlator, the curves 
for a • 1 and a • 2 correspond to input signai-to-noise ratios of 1/U and 1/2* 
respectively* Inspection of the curves indicates teat, for a « 1, the optimum 
value of 7 is 1.5 J and for a • 2, it is 1,75• The corresponding figures for 
the error probabilities are given in the table below* 

a *fc PM *• 

1 .33 •51 M 

2 .22 .30 .26 

In addition to serving to fix the value of ?«, the results of the preced- 
ing analysis can be interpreted to provide a quantitative figure for the 
reliability improvement resulting from the use of the pulse-train correlator. 
For example, if p • 1, then the average probability of error values give the 
relative improvement gained by using a four-place correlator. Likewise, for 
p • 1/2, the sane figures give the improvement gained by using sixteen 
places compared to four places. 

In the system assumed for this analysis (see Fig. 2), the challenges and 
replies are repeated m times in rapid succession, and binary integration usod 
following the threshold device to provide further improvement in reliability. 
The final decision as to whether or not the correct reply has befn received 
is based upon whether or not a threshold count k is exceeded in the m trials. 
Here two new error probabilities can be defined. The first is a "udss" 
probability Pm which increases with kj and the second, a false-alarm proba- 
bility ¥n due to noise during the space intervals that increases with a 
decrease in k. It is desired, therefore, to find the value of the threshold 
count that minimises (Pn + Pn 5. 

The probability Pg is the probability of a correct pulse train being 
registered at the counter. The probability of obtaining a co>"»* of x due to 
correct pulse trains (in a set of m repetitions of the same reply) is given 

-•> 

r 

It should be mentioned that Pt is not a true probability in the statistical 
sense* but an arbitrary function (i.e. half the sum) of two probabilities 
derived from two different sets, AS such, in the following the term average 
probability will be used to represent Pe. 
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by the binomial distribution Cx Ps (1 - ?Q)      , and the probability of obtaining 

a counter reading of k or more, by 

P8-K= Pg (1 - Ps)3"*  U (9) 6 k 

This expression can be readily handled, as shown by Harrington, if the 
Edgeworth     series approximation to the binomial distribution is employed* 
This gives 

/^ 
where   I . 

k " 5 " V2 

T? • m V d( \   -       1     o" * '• Wi •      *"7P*   c- 
Vln 

Y 

T-X 

o- - VkXl - P.) <7>C"U(I) -   /^>(y)dy 

cr 

In a similar way, the probability Pn of obtaining a counter reading of k 
or more due to noise can be computed by using PJJ in place of P50   The miss 
probability Pm is evidently 1 - FE, and the problem resolves itself to one 
of plotting Pn and Pm vs* k, and determining the value k which makes (Pn + Pm) 
a wAsdmMu 

The curves of Fig* 3> show results of such plotting for the ease of 
a • 2, m • 25, 7« at optimum value* The curve of average error probability 

need not be plotted in this ease, since it is evident from the steepness and 
curvature of the curves that the minimum point will occur practically at the 
intersection point where k • 11*7* and each of the error probabilities has a 
value of 0.0008;>«   The average probability of error Pe, then, is also 0*00085* 

* In practice, k would be made equal to either the nearest integer or the 
nearest power of two, depending xspmi the type of binary counter* 
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This figure is correspondingly reduced with an increase in m$ however, compu- 
tational difficulties arise in attempting a quantitative analysis for large 
values of a due to the need for the use of more terms in the Edgeworth series* 

The equation for the probability density of the envelope of 7£ (eq* 2} 
used in the above analysis is only applicable when no detector is used thMsf 

able due to difficulty in cutting the lengths of delay line, a new formula is 
required*   Equation 1 is still applicable for the voltage at the output of a 
linear detector of the «nvelope-tvacer type, and the problem becomes one of 
finding the probability density of the sum of n random variables each having 
the probability density p(R) given by eq* 1*   This can be readily accomplished 
through the use of the characteristic function of p(R), y (s), since 

3- CP(V2)] - {y(*>]n (ii) 

and p(V2) is, then, the 
nnnth convolution of p(R) with itself, or, for n • U, 

p(7£) - p(R) * p(R) * p(R) * p(R) (12) 

Because of the forms of the functions making up the right-hand side of eq* 1, 
the solution of the resulting integrals is not easy* The next section will 
describe a graphical technique which may be applied to effect the required 
result* 

The pulse-train signal assumed in the above analysis used a 180-degree 
phase shift to indicate the difference between ones and leroe* In a more 
practical system, a dual-frequency transmission system would be employed, so 
that a frequency p would be used to represent a one* and a frequency q for a 
aero, and the detector would take the form of a frequency discriminator* 
The equation for the envelope probability density required in this case in 
place of eq* 1 is given by Rice2 as 

p(R) - R  / r J0(Rr) [J0(Pr)]
a eap[1^2£!]dr* fa) 

r-0 2 

System for application at the airplane* The block diagram of Fig. 6 
shows the components which may be used in a transposdor receiver in the air• 
plane if pulse-train correlators are employed to provide the advantages of 
cross-correlation in improving the reliability of the IFF system* Each of 
the branches including a pulse-train correlator, threshold device, and 
binary counter can be assumed to be the same as the system considered in the 
previous section* With an n-plaos binary code, there will be 211 possible 
different codes, and each of the correlators would be set to a different 
code* A different criterion would be used for setting the threshold 
voltages V7 than in the previous analysis, however j the most critical inter- 
fering signal for a given channel now is not noise, but the signals intended 
far correlators set for adjacent nusfeers* Insofar as the output decision 
device is concerned, three possibilities are presented* First, at the end 
of the challenge period (during which m challenges have been received) the 
counter showing the highest count is selected by a maximum-voltage measuring 
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circuit to indicate the pulse train having the highest probability of being 
correct. In the second method, the 211 counters are successively sampled 
after each pulse train has been received, and any which have received no 
pulse during the preceding interval are made inoperative for the remainder 
of the challenge interval* This is continued until only one channel remains 
in operation'* It can be she*ri3 that with high probability this is the 
nharmal    /*ivn*aBr>gtrfri-iTiti   4-jt   fMo   witwaflt   ntllsfi   tTS.lli«      III   the   tllisfi   SChfil VIIMMMVW      vi»* «   ll   I I i     •   I    ii        ^ • |^       W        i^*MW       ••* »*^ « V»» VP      WMM9V       W* M 1*1* III       **l*h»       tfll I 1  V*     WM«« 

first identifies the correct pulse train* Because of its relative mechani- 
cal simplicity, the system considered in the following will assume the 
last-mentioned type of decision circuit* 

The main purpose of this section is to describe the method of an analysis 
currently being made to determine for this system the optimum settings for the 
voltage threshold V«p and counter threshold Kj and, coincident-^ the expected 
(average) probability of error for specified received signaL-to-noise ratios 
will be obtained* Unless otherwise indicated, the same assumptions stated 
in the previous analysis will be made in the present analysis* Since detec- 
tion occurs before summation, it will be necessary to use the method of eqs« 
11 and 12 to find the probability density of the adding-bue voltage (V?)* 

Assuming for purposes of illustrative example that n - k$  the following 
equation can be written for the probability density of Vj* Po(vz)* for » 
correlator receiving a correct pulse train 

PC(VT) - P(R)*P(R)*P(R)*POO - [p(R)*p(R)3*[p(&)*p(R)]       (Hi) 

where p(R) is given by eq. 1. 

For a correlator receiving a signal differing by one digit from its correct 
pulse train, it can be easily shown that 

Likewise, 

Pi(V2) - P(R)*P(R)*P(R)*P(-R) (15) 

Pa(V2) - p(R)*p(R)*p(-R)*p(-R) (16) 

PU(V2) - p(-*)*p(-R)*p(-R)*p(-R) . (18) 

Equation (1) can be put into a form more convenient for the present 
analysis if the variables are normalised by letting 

R P 
v m —p=ss p » ., ,*, .„ - input signal-to-noise ratio* 

VTo VTo 

v2 
•£! 
2 

Then, p(v) - v £ Io(vp)    * (19) 
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With the above probability densities defined, the first step in the 
analysis can now be described* It involves determining for a given p, the 
value of the normalised threshold V(» V.j/v^b) which provides at the output 
of the threshold device a minimum average probability of error Pe as 
defined by 

2 P3 - PM • P» (20) 

where PJJ - probability of a miss - 1 - / Po(V2)dY2 (21) 

and Pp - probability of a false alarm* y p^tydf, ,    (22) 

The analysis described above has been made using graphical techniques to 
evaluate Po(7£)* Px(^l)» **&  integrals of eqs. 21 and 22, and to effect the 
ralnlmigatian of Pa» Figure ? shews the form of the distribution densities 

p(R), p(R)*p(R), and Po(v"2) (all for p - 1) obtained by this procedure. A 
plot of Px(V2) is shown in Fig. 6. The curves of Fig* 9 show Pg and Pp vs. 
V2, and their sum, 2Pe, gives a mini mom at the optimum threshold value of 
7 • U.5>5>» The corresponding values (for p • 1} of Pj^ Pp, and Pe are approxi- 
mately .18, tiki  and .16, respectively. 

The above represents the extent to which the analysis being described has 
been so far carried out. The following outlines the procedure to be used in 
completing the analysis. 

After determination of the optimum voltage threshold, attention can be 
given to the calculation of the optimum counter threshold. K. This is the 
setting that maximises the probability that the counter connected to the 
channel receiving its correct pulse train reaches the threshold first. Or* 
in other words, it minimises the sum of the probabilities of no channel 
count reaching the threshold at all and of some other channel count reaching 
it first. The first probability is the probability of a miss, P^i, and the 
anr.onrf  Am +.>»» nrrfogVri'H-fctr *vP  o   **il£S  »"!«—g»_   P=; _ 

For n » U, there are four component false-alarm probabilities for in- 
correct signals that are required in the determination of Fwt.   They are. 

Pyx, the false-alarm probability when one digit is wrong 

*F,  " SvxtfzWl (23) x   V 

(where ? is the fixed threshold value) 

* In the present analysis, an approximation is being made in that the effect of 
noise occurring during the spaces within the p«2«e train is being neglected. 
It see»?ffi reasonable to assume that the false=slsris probability will b© con- 
trolled by the adjacent-channel V2.   *n 8B? case, at the expense of considerable 
cosplioation. this effect of noise can be included as will be discussed later. 
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Pg-_, the false-alarm probability when two digits are wrong 

* V 

where p«(V?) is eiven bv «n. 16 

Pp-, the false-alarm probability when three digits are wrong 

P-   -   /p3(V2)dV2 (#) 
3     v 

and   Pp. , the false-alarm probability when all four digits are wrong 

tfr -   yp^CVjJdYj. (26) 
* V 

After noting that the probability P. that the correct correlator produces 
a count of one at the counter is 

Ps - /Po(Vz)dY2, (27) 
V 

the probability 9(k) that the correct counter will reach a count of k first 
can be written as 

e(k) - Z   e±(k), (28) 
i-k 

where 8i(k), the probability that the "correct" counter reaches a count of k 
first oil the i-th trial, is given by 

M   i      x i.x A   k-1   i       v , i-ac k 
I 2   C* Py X(l - Fp^Y-il   0X Pp    (1 - Pj. )      f. 

k-1   t       = J_ 
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The first factor In eq. 30 gives the probability of the correci counter reach- 
ing a count of k on the i-th trial. The product of the last four factors 
gives the probability that none of the other 2" - 1 correlators will reach the 
count of k on or before the i-th trial* Thus, d^(k) as written gives the 
probability that the correct counter reaches a count of k first on the i-th 
trial. By use of eq. 28, we obtain 9(k), the probability of a ""success" in 
the process of determining which challenge was transmitted* 

The probability ^(k) that none of the counters will reach k can be 
written as 

k-1 k-1 
H(k) - [ Z C* Pj(l - Pe)*"*] • [ Z C^ ifjl - Pj^)-*] 

X"0 x-0 

l? £ Pjjl - PPa)*"
X]< 

X"Q x ^a 

k—1 n x 
[ Z C„ P, (1 - 
x=Q 'x

rF, 
B-X k 

,) 3 • 

k-1 
[ z c'JpJd-PF,)^. 
*-0 % 

(31) 

Equations (30) and (31) can new be used to write an expression for the 
false-alarm probability Ppt.   This is 

Pj., - 1- [0(k) *n(k)] (32) 

The probability %» that no channel count will reach k is n(k) as given 
by eq. 31# 

All of the information required to determine the optimum value of the 
counter threshold, K, is now available. The problem becomes one of finding 
the value of k for which the sum of Pjri and PM« (as given by eqs. 31 and 32) 
is a mlnliHtmu Tfc j_« to be noted that the different forms of the functions 
involved have all been handled before in the numerical analyses described in 
this and the preceding sections* 

The preceding has assumed that there is no noise during the space inter- 
val, such as would be true if a synchronous system employing some scheme of 
gating off the noise during the space Interval were used. In the more 
practical system where this is not true, the computations necessary in the 
determination of the new threshold count become unwieldy unless the use of 
automatic computing machines is mswrnd*   The symbolism of formulating the 
analysis is relatively simple, however, and for completeness an outline of 
the procedure will be included here* 

A new value of threshold voltage must be first calculated to take into 
account the effect of noise during the space interval. The probability PJJ 
of obtaining a count due to noise is given by 
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4BP 

P* -/Po(o)(V2)d72 (33) 

where Po^°'(Vj,) oan be obtained by evaluating po(Vj) for p » 0, or directly 

from eq« 1* The false-alarm probability now takes the form 

P* - % • *H (3k) 

where % is given by eq» 22 and PJJ by eq. 33* The new value of threshold volt- 
age is the value of V which makes the sum of Pi and Pw a minimum, (Fg is again 
the value determined by eq* 21) 

The probability P. given by eq# 27 and the fals©=alarm probabilities given 
by eqs. 23-26 will seed to be redetermined far the new value V. Letting these 
new values be P', Tj.  , PjL, P^_. and P£. • the new value of 8(k) is given by 

m 
e»(k) - £ $J(k) 05) 

i-k 

where 6j[(k) • Sn > 642 

e±1 - QlO <4L Q|2 <^3 Qjj^ 

•12 " «Jo S^ «4 S^ S^ 

in which   ^ - I" £C« (P.)^(l - PJ)"~ o". if** (1 - ig**| 

^     rt)     xrn » J-03 

n - 1* 2, 3, 4 « 

The new value of n(k) is given by jA«(k) - R0 R!* R* R^j R^ (Je) 

where Eo -   2    [cf(Pt)X(l - p >**     2     c" P' (l - Pg)~J3 
i-0 " 4-0     J   H 
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n - 1, 2, 3, 1* • 

foe reminder of the procedure for determining £ is the same as that used 
in the previous analysis where the noise was neglected. 

As pointed out previously, the analyses just described are to be consid- 
ered to be of an exploratory nature. Their purpose has been to provide expe- 
rience in the use of statistical tools for quantitatively studying the 
reliability of relevant transmission systems? In sons cases the idealisa- 
tions have in obvious ways tended toward the impractical^ a freedom which was 
taken in order to sake possible the selection of a mathematical model under 
which analytical solutions would be possible)* It is hoped that future work 
under this itea will include the extension of the Methods used in these 
rtr©liKds5£*°' analyses to cover MIPS HRtstibssl examples, aw* also BFfljF&te 
information relating to operation at other values of input signal-to-noise 
ratio* It is hoped also that it will be possible to check the results of at 
least sons of the analyses by experimental tests* Sons of these may be per* 
formed on the model of the pulse-train correlator* Others of a more basic 
nature, such as the effect of the use of a non-ideal detector on the distribu- 
tion assumed at the input to the correlator, could make use of certain appa- 
ratus* constructed under Item I for use in studying the waveforms of speech 
sounds* 

The criterion used in setting the counter threshold has been that which 
minimises the sums of the unweighted probability that noise (or an incorrect 
signal) will appear as the correct signal and the unweighted probability that 
the correct signal will be lost (or called noise), this minimisation being 
made for a fixed input signal-to-noise ratio by varying the number of repe- 
titions over which the counter output is integrated* This is essentially the 
case of the "ideal observer11 described by Middlston*** Whether or net this Is 
the best criterion has not been studied* It is intended, however, that some 
of the future work on this approach will be directed toward this end* 

Redundancy Coding 

In previous progress reports considerable attention has been given to the 
use of pulse trains which have additional digits included for the improvement 
of reliability through redundancy* Studies were made ef the number of addi- 
tional digits theoretically required to match the channel capacity for given 
assumed noise conditions, and of the reliability which could actually be 
obtained when the coding period is limited by the length of a challenge or 
reply* These studies, which assumed a system where a decision is made 
separately at each pulse position, have been temporarily discontinued in 

See Quarterly Progress Report No. 17 for Itea It Visual Message Presentation 
of this contract, pp 6 and 7* 
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favor of studies of pulse-train correlators as in the preceding section. It 
should be noted that redundancy in an individual challenge could be used to 
isfjrove the reliability of the pulse-train correlators at the airplane by 
increasing (to a number greater than one) the wdaimm nusber of digits In 
which any tiro challenges aay differ, and thereby reducing the worst false 
alarm probability*   Also the use of either analogue or digital integration 
of repeated challenges, as proposed in the preceding section*, is 
«t> wtwUtar level* 

further Coajeetures on Using Noise as the Signal 

The use of processed Gaussian noise as the challenge and reply signal 
was introduced in the previous report as a promising means for filling the 
assigned channel capacity.   The basis scheme* considered is that given by 
the block diagram below, where the path Irmludlng the A encoder represents 
the ground-to-air-to-ground link, and the ether path a local simulating 
link at the interrogator-responsor*   The two encoders mm% be identical* 
While they could be either linear or nonlinear, the present discussion »m 
be limted to the former, 

j   ENCODER 

NOISE H A 
X CORRELATOR 

ENCODER 

indication as to whether the interrogated plane is a friend or an 
enemy is obtained from the correlation coefficient r measured by the 
correlator*   In the ideal noise-less jam-free ease, r will have the defi- 
nite value of * 1 (friend).   In the presence of random noise or other 
interference, r will be more accurately described by a probability density 
p(r) where the width of the distribution will depend upon the type and 
intensity of the interference.   Likewise, enemy attempts at compromise 
would result in a second distribution which would be located near r • 0 if 
the attempts were relatively ineffective.   These phenomena can be shown 
graphically as given belowt 

IDEAL, NOISELESS CASE, 
ENEMY UNCORRELATED. 

'.I 

FOE 

-I 

FRIEND 

NOISY CASE. ENEMY 
PARTLY CORRELATED 

P(r) 
FRIEND 

The reader is referred to the previous report for theoretical details of 
the system and descriptions of encoders and correlator that are being 
considered. 
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Consideration of the lower figure shown on the preceding page will reveal 
that the setting of a reliable threshold, PJ, will be difficult if the distri- 
butions are broad* Analogue or binary integration techniques and multiple 
interrogations can be employed to sharpen the peaks thus causing then to 
approach more closely the ideal distributions shown in the upper figure. 
Because of the general unavailability of a suitable continuous storage de- 
vice, priiaary attention is being given to the possibility of using binary 

The challenge in thisease would consist of bursts of encoded* noise* 
and a decision as to the authenticity of each reply would be made on the 
basis of whether or not a threshold voltage at the correlator output is 
exceeded. This decision is stored as a binary number is a cotster tastil 
soae large number m interrogations have been made, whence the storage 
device is sampled. If the number of positive decisions exceeds a certain 
number k the reply is Judged to be friendly* 

Pierce and Hopper*5 have described in a recent paper a novel ssn-gjri- 
ohronous tiiee-division conamnioailoa system which ixi£oeps?a&&& two inno- 
vations directly applicable to this scheme as rellablllty-iy ivlng features* 
Their scheme allows an indefinitely large number of transmitters and 
receivers to have access to a channel of limited bandwidth* This is accom- 
plished by not employing functions from a truly orthogonal set* but functions 
from an approximately orthogonal set - such as the noise bursts considered 
above* 

The first feature borrowed from their scheme involves non-uniform 
spacing of the noise bursts used as the challenges and replies* These 
spacinge would b® distributed randomly about seas mean value s and the sans 
mean spacing would apply to all subscribers using the same channel* The 
result to be expected is a decided reduction in harmful interference doe 
to overlapping of replies from several interrogators and planes using the 
same channel- / 

j ' 
The second feature borrowed is the doublet type of signal employed by 

Pierce and Hopper to identify the called party in their system* In the 
IFF example* the spacing of the pulses in the doublet would be used to 
provide an additional code* Thus, in addition to the variable R'r>, L*s, 
and O'e involved in the encoders, the system now allows u*se of a variable 
T* All four of these parameters could be changed simultaneously to yield 
a code giving the possibility of a long "security-time interval" • 

a 
The encoding is accomplished by appropriate shaping of the frequency 
spectrum* 
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Coding Circ-dltry 

Work under Item III is concentrated on the design, construction, develop- 
ment, and evaluation of a reliable shift register for use in the encoder coa- 
ponente of the overall IFF eystesw The fact that several of +hese are required, 
and some are involved in airborne equipment, makes it necessary that weight be 
«*«•*' ••? : ~?r4jr~*   IIc^w, 11 1© W«»JU».«UJJ8 t*> consider the use of transis- 
tors instead of vacuum tubes for such devices. 

The previously reported design and development of a dynamic storage-cell 
using either delay-line cable or two monestable transistor circuits have been 
indefinitely postponed. Emphasis at present is being placed on the evalu- 
ation of the reliability of a bistable transistor circuit by means of margi- 
nal checking teehnlques* UNCLASSIFIED 

BiatablB Transistor Circuit Research 

The first work started under the new problem of Item III, as redefined 
at the request of AFCRC, was the reliability evaluation of a transistor flip- 
flop circuit* having two stable, non-saturated states, Marginal-checking 
techniques'* °, 9  as developed at the Digital Computer Laboratory. M*I.T#, 
are considered presently as being the best method to employ for reliability 
tests* 

The method of marginal checking necessitates obtaining considerable 
amounts of data to be used for the plotting of various types of curves. The 
shape and area included within these plots, whether closed or unclosed, is 
an indication of the reliability of the circuit considering the two parame- 
ters used as variables* For a symmetrical plot, the coordinates designating 
the nominal value of the parameters being plotted should fall in the center 
of the enclosed area for optimum reliability* 

Plots will be made using many combinations of the following items as 
parameters* (1} all of the bias voltages applied to the circuit, (2) all of 
the components used in the circuit, (3) various types of transistors includ- 
ing different transistors of the same type, (k)  input pulse-repetition 
frequency, and (5) amplitude and width of input pulse* Typical of such 
plots would be collector resistance vs. collector voltage, and collector 
voltage vs. base resistance.   Considering the same two parameters as vari- 
ables, other plots can be made as followss (1) all other parameters at 
nominal values, (2) one or more of the other parameters offset from this 
nominal value by a specified percentage, and (3) the other parameters offset 
from their normal values by amounts considered to create the "worst" possible 
combination of parameters. It is expected that the accomplishment of the 
above will provide the necessary information for determining the design 
center and nominal values of components to be used, as well as an evaluation 
of reliability of the circuit. 

All tests made during this past report peried ??sr© used to determine 
the feasibility of obtaining data for use in carrying out the marginal- 
checking procedure* In no case has any attempt as yet been made to fe*pifr*n 

* This eircuit • was designed by A. W. Carlson of AFCRC* 
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either the shapes of the plots or the reasons for failure of the circuit* 
Explanations will be included as more complete and accurate data are taken* 

Sow of the results of these tests as shown in Figs* 10. 11, 12 and 13 
of the Appendix* indicate that data taking for the Marginal-checking method 
of determining reliability should not be difficult* These prel j.artnary 
tests also afforded an opportunity- to develop experimental techniques far 
obtaining *<w* APAM*    It VM found that *r.«iir«t* M»h-l»»H««<. •i •.«»+,•„— 
(greater than 20.000 ohms per volt and 1 percent ascuraay) wars neoassaxy 
to obtain reliable readings* A Wbeatetone Bridge was set up for making all 
resistance measurements* 

In the preliminary tests, only two Transistor Products Type 2C tran- 
sistors ware used* These are labelled as numbers 2C-207 and 2C-245 for our 
own identification system* These two transistors were chosen primarily 
because they hare a cutoff frequency greater than $ me, an alpha of greater 
than 2*5, anda rise time of less than 0*1 us* 

A circuit diagram of the transistor flip-flop used is shown in Fig* lit. 
All nominal values of components and voltages are shown on the diagram* In 
all tests performed a pulse repetition rate of 1 ms and a pulse width of 
0*1 1*6 at the base 

Figures 10 and 11 show plots of VQQ VS. Rb and ?co vs. R® for a nega- 
tive pulse of 12*0 volts amplitude and all other parameters at their 
nominal values* Figure 12 shows the plot of ¥ce vs. Kb for a negative 
pulse of 8*5 volts amplitude and R« * 2*ltK, and Fig* 13 shows the plot of 
7eo vs. EQ for a negative pulse of 8*5 volts amplitude* In all the eases 
tested to the present* there have been two readings for both the upper and 
lower failure limits of 7CC* That is, for a given Rh (or Re) one upper 
failure limit is obtained for ¥c<5 by varying 7^- from the operative to the 
non-operative region and another limit by varying Vccfrom the non-operative 
to the operative region* A similar condition exists when obtaining the 
lower failure limit for v^* In all plots, the limits obtained for 7$$ 
were obtained by varying 7CC from the non-operative to the operative region* 
This condition gives the smaller enclosed area of the two, or the maximum 
•r*oo 4^h«+. 5«j jig ccsssidsr^^ ts indisa^A su3 *- —fe3^* ODer&tion 

Transistor Testing 

During this report period the transistor-testing program has been con- 
tinued to provide data for transistor circuitry work done at Northeastern 
and AFGRC* 

A total of kl$ Western Electric Type 1608 transistors were tested for 
AFGRC* Their parameters were in good agreement with average values for this 
type given in previous reports** The transistors were tested for the small- 
signal parameters =<. rlx, r^, rai, and r2aj and « -cutoff. Large-signal 
testing has been made to determine the rise time and fall time. The measure- 
ment of hole storage time has not been made during this report period because 
of apparent changes produced in the small-signal parameters by this test* 

* See Quarterly Progress Reports No. 5 p. 33 and No. 6 p. 28* 
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To facilitate checking of transistors and to obtain a permanent record 
of the email-signal parameters, a Sunn Engineering Model 3C Transistor 
Characteristic Plotter and a DuMont Polaroid Land Camera Type 291 hare been 
ordered. The DuMent camera has been received and the Characteristic Plotter 
is due in the Immediate future* 

At the recommendation of AFCRC. em^nmont. <t« **±rs ret ^ tz ^l^m  ^lwi»» 
of <* re* frequency an an oscilloscope screen. A block diagram of the set- 
up is shown in Fig. 15. It will be possible to use the DuMont Polaroid Land 
Camera to obtain a picture showing alpha and the frequency response of the 

Evaluation of Transistor Products Transtestsr 

During this report period, the reliability of the Transistor Products 
Transtester was checked by making day-to-day measurements on a group of 
transistors* The questioning of the trustworthiness of the tester arose 
from the fact that the values of the small-signal parameters for a tran- 
sistor tasted at northeastern varied considerably from the small-signal 
parameter values obtained far the same transistor when measured at AFCRC, 

transistere were tested for frequency cutoff previous to being 
tested on the Transtester* The transistors were divided into two groups: 
Group I had frequency cutoffs of less than 3 me* and Group II had fre- 
quency cutoffs greater than 3 mo. All transistors used in this test were 
checked for the values of the small-signal parameters <*, rlu r^, ras,, 
and r22 at various collector and emitter biases. The various biases were 
used to see if reliability was a function of the bias value* 

For Group I the calculated alpha ~&A- and measured alpha were found to 
"as? 

be within 10 percent of each other* The average values of all the parame- 
ters varied only a small percentage from day to day (less than IX) percent). 
The manufacturer's recommended test points were found to be the optimum 
bias points for these tests. 

For Group II, the measured and calculated values of alpha were within 
10 percent of each other. The average values ot the tested parameters 
vary considerably from day to day for some of these transistors* Vari- 
ations of 10 to 50 percent were common* The parameters of those transis- 
tors having the highest values of frequency cutoff exhibited the largest 
day-to-day percentage variations* 

It is probably safe to conclude that all transistors with a frequency 
cutoff less than 3 meps will have practically the same measured parameter 
values from day to day. Slight variation can be attributed to either the 
physics of the semiconductor or to drift in the calibration of the trans- 
tester. Ko definite conclusions con be drawn to cover the results obtained 
for transistors in Group II. It was impossible to test some of the tran- 
sistors in Group II because ot their tendency to oscillate while in the 
tester. Although the tendency to oscillate was found to be a function of 
the emitter and collector biases, as weU as the cutoff frequency, it was 
not possible to predict the test bias settings at which a particular tran- 
sistor would oscillate the following day. 
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e*     Apparatus and EquApaeirt 

Mock-up System 

The tost setup which will be used to simulate the air-to-ground link of 

zssnt indicated in the block diagram is available or vndsr csnstrastisn* ' 

The signal generator and jamndng-pulse generator were constructed sons 
tins ago and are discussed in earlier reports*   The latter produced periodic 
output pulses mid will be replaced by a new model which is under development 
and will provide randomly-spaced output pulses.    Two indentical pulse modu- 
lators have been constructed for use as signal-pulse and jamming-pulse modu- 
lators.   Commercial noise generators are available for use as low~frequency 
and high«frequency noise sources,   A prototype matched filter for i-f 
pulses has been constructed and will undergo testing and modification, in the 
near future*   The pulse-train correlator has been completed and is undsr-" 
going trouble-shooting at the present time.   A modulator for use with the 
low-frequency noise source is in the planning stage. 

Random-Pulse Generator*   A pulse generator is under development which 
is to produce randomly-spaced constant-amplitude pulses to simulate this 
type of jamming*   The generator will employ a noise source whose output 
will be filtered, clipped, and differentiated*   The resulting randomly- 
spaced spikes will b e used to trigger a blocking oscillator or similar 
one-shot device* 

A new pulse modulator was built during this report period*   The pulse 
modulator described in the previous report had some carrier feed-through 
that prevented 100-percent modulation*   This feed-through seemed Inherent 
to the particular design, hence a different approach was tried* 

The new modulator (see Fig* 16) consists of a phase-inverter, a ringing 
circuit, and a driver tube*   The high-Q tank circuit is normally loaded down 
due to tube ?2 conducting heavily*   A negative pulse from the phase Inverter 
outs off ?2 And causes the high-Q tank circuit to ring*   The driver tube V* 
is a cathode follower with a low-Q tank circuit for its cathode Impedance.* 
Over a limited frequency range this type of driver circuit can tolerate a 
moderate amount of oapacitative loading since the shunting capacity can be 
mads a part of ths lowQ tank circuit*   The output wareiorm was observed by 
going directly to the plates of a Tektronix Type 5U*D oscilloscope*   For a 
video pulse input having a strength of 20 volts and a rise time of .01 us, 
the r-f pulse output is greater than 10 volts peak-tc-peak with an envelope 
rise time that is lass than 0.1 us.   Two of these modulators have been 
built, one to be used as the pulse-train modulator* the other to be used as 
the jamming-pulse modulator in the proposed mock-up system* 

Filtering.   A prototype matched filter for W pulses has been con- 
structed in accordance with the theory developed In the previous progress 
report*   The filter, Fig. 17, consists of a delay-line driver and attenu- 
ation compensator, Va. and V3j a high-Q tank circuit, V$$ and amplifier, T^. 
The operation of the various stages can best be described in terras of their 
impulse responses* 
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A unit impulse appearing at the input is applied to an open-circuited 
delay line via the low-impedance driver* V\,   The delay line consists of a 
length of RG62/U cable which produces a round-trip delay of 0,6 us, ?he 
incident and reflected impulses are applied to the grid of ¥30 Due to the 
attenuation''of the delay line* the incident impulse is the larger and con- 
sequently the phase inverter, ¥g, and its associated adding circuit are 
used to reduce the incident impulse to the ««» »mr.n+.iv*» »<• *>~ «.*n»*~».-j 
impulse, xnus two equal impulses, separated by 0.6 us, are applied to ¥3. 
The first impulse shocks the high-Q tank circuit into oscillation* If the 
natural frequency of the tank circuit is properly chosen, the second 
iapulse will reduce the amplitude of the oscillation to aero* The final 
stage, \,  serves as a broad-band amplifier (the inductance in the plate 
circuit is resonated against the stray capacity of the output circuit)* 

At present* the filter works qualitatively but not quantitatively* 
Further work awaits the construction of a high-»iaped&nce, low-capacity 
probe* At present there appears to be some phase shift in the phase in- 
verter, ?2« Refinement of the weighting networks eaployed in the adding 
circuit is necessary* Also the Q of the tank circuit* ¥3, must be 
increased* 

Pulse-Train Correlator* Two major modifications were incorporated 
in the correlator in this report period* It was observed that appreciable 
amounts of signal were feeding from the maximum and •talmni busses into 
the adding-bus via the diodes and 10-1 isolating resistors at those switch 
terminals which were not at the time connected to the cathode followers 
and which* therefore* were at a high impedance to ground* To remove this 
effect it was necessary to replace the two-gang switches by four-gang 
switches* thus achieving the necessary isolation at the "open1* switch 
terminals* 

The other change consisted in replacing the "A" and "Bn direct- 
coupled amplifiers by cathode followers, which are coupled to the adding- 
bus by resistors so chosen as to give the proper proportions of "A", "B*, 
and addition voltages* This modification necessarily lowered the signal 
level in the adding-bus, wherefore a single two-stage d-e amplifier was 
provided between it and the threshold diode* For greater stability this 
amplifier was assigned with balanced gain-stages, which are followed by 
a single-ended cathode follower output* 

The cowpTete, modified circuit of the correlator is shown in Figs. 
10 and IS. 

It recently has become apparent that the pulses, in passing down the 
delay-line, are changed from a rectangular to a triangular shape* and that 
it is this change of pulse-shape that stands in the way of proper addition 
and cancellation in the adding-bus. For the near future* therefore, a 
program of pulse-shapM matching is anticipated* It is hoped that this can 
be accomplished to a sufficient extent by the introduction of single- 
section, low-pass fl-C filters in the grid circuits of the phase-inverter 
stages* 
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Coding Circuitry 

A transistorized flip-flop circuit with two stable, non-saturated 
states has been constructed and used for all tests performed under 
Item HX«   A schematic diagram of the circuit is shown la Fig* Ik of 
the Appendix* 

A battery power pack was built to facilitate taking marginal-check- 
ing data*   The pack supplies voltages from -67*5 volts to + 67*5> volts 
in 1*£ volt steps*   A 100-ohm potentiometer is used as a divider between 
the !•!? volt steps to get exact voltage measurements* 

UNCLASSIFIED 
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g.     Conclusions and Recommendations 

km a result of the work of this report period it is concluded that* 

lo   The signal-pulse and Jamming-pulse modulators are satisfactory roar GkteaA   %i oil IW*.I j **y~yw*»p   sayuu*»vv*0   «k*v    D»WMM«WWIMJ 

use in the mock-up systems 

2*   The matched filter for i-f pulses shows promise of success since 
all component circuits operate qualitatively* 

3.    The pulse-train correlator shows premie of success, in thst all 
component circuits operate satisfactorily, and some results of overall per- 
formance hsve been obtained,, 

U*   The multiple-challenge system described herein can be expected to 
possess good system reliability despite random or planned interferences 

£0   The quantitative analyses of the performance of the piilec-train 
correlation systems as begun herein provides useful background information 
for future more-sophisticated treatments of the general problems involved 
in the specifications and adjustments of such systems* 

6*   The inclusion of binary integration* random spacing of the noise 
burstsa and the concept of the doublet type of digit symbol, in the con- 
sideration of an IFF system using noise as the signal should result in 
increased reliability f&c that type of system* 

7*   The marginal-checking issthod for the evaluation of the reliability 
of transistor circuits can be used successfully* 
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8* The Transistor Products Transtester operates satisfactorily for 
all transistors having a frequency cutoff less than 3 as. 

9* The alpha vs. frequency plotter facilitates the measurement of 
frequency cutoff for transistors* It Is recomanded that work be con- 
tinued to ioprove and extend the overall frequency response of the system. 

h.  Future Work 

In view of the work of this and previous report periods, and the 
above conclusions and recoiaraendations, it is intended that future work 
includet 

1* The construction and testing of the units of the nock-up system 
not as yet worked on, and the eventual assembly and use of the entire 

2* The construction of a noise modulator for use with the mock-up 
system to simulate noise jansdng- 

3* Completion of the development and construction of the random- 
pulse generator* 

U« The modification of the matched filter so that more accurate per- 
formance may be obtained* 

f>* The remodeling of the pulse-train correlator into its final form, 
and the testing of the unit* This will include determining its response 
to any or all of the following inputst 

(i)  The "correct• signal, 
(il)  Any ^incorrect" signal (i*e* pulse jam), 
(ill) Noise jam* 

6* An elaboration and more detailed analysis of the Multiple-challenge 
system- special attention being devoted to (1) the effect of random noise, 
and (2) the problem of combining sevaral few*, to six-place correlators so 
as to be able to handle long challenges without using impracticaliy large 
and complex equipment* 

?« The continuation of the quantitative analyses of the performance of 
pulse-train correlation systems to cover schemes of greater practicality. 
This would result in setting specifications covering the design and adjust- 
ment of optimum farms of such systems* New procedures to be studied would 
include the use of the betting-curve tyj:>  of analysis in determining 
criteria for the setting of thresholds. 

8* Continued study of the use of noise as the challenge and reply 
signals in an IFF system along the lines indicated in this and the previous 
report* 
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9.   The continuation of the study of rearginal-cheeking procedures as 
applied to the evaluation of reliability of transistor circuits» 

10*    The continuation of the translator-testing program in its present 
form to provide data for use in the design sod evaluation of transistor 
circuits* 
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APPENDII 

eU   Gunwe and Drawings 
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